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ABSTRACT 

Proposals  for  the  use  of  molecular  sieves  as  regenerate  C02  and/or 
H20  absorbers  In  closed  spaces  have  usually  been  based  on  their  demon¬ 
strated  efficiencies  in  pure  atmospheres.  The  previously  unknown  effect 
of  thermal  cycling  in  more  hostile  environments  containing  a  nominally 
stable  halogenated  hydrocarbon  has  been  Investigated.  While  the  test 
halocarbon  (dichlorodifluoromethane)  was  not  itself  deleterious,  the  acid 
products  resulting  from  the  molecular  sieve-promoted  decomposition  of 
the  compound  caused  structural  damage  to  the  sieves,  which  severely 
affected  their  capacities  for  C02  and  H^O.  Steves  of  the  SA  and  10A  type 
were  investigated  under  a  variety  of  conditions,  with  the  5A  sieve  being 
the  more  resistant  to  damage. 
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STABILITY  OF  THE  MOLECULAR  SIEVE  STRUCTURE 
IN  HOSTILE  ENVIRONMENTS 


INTRODUCTION 

Several  proposals  have  been  made  for  systems  that  use  molecular  sieves  to  remove 
C02  from  environmental  atmospheres  (1-8).  These  materials  have  many  favorable  prop¬ 
erties  for  application  as  regenerable  C02  removal  agents  in  nuclear  submarines.  Factors 
of  importance  arising  from  the  composition  of  the  material  are  the  relative  chemical 
inertness  and  physical  strength  of  these  alumina-silicates.  Molecular  sieves,  being 
solid  before  and  after  absorption,  have  no  vapor  pressure,  a  large  abscrption-area-to- 
mass  ratio,  and  low  friability  and  toxicity;  they  are  also  easily  handled  and  stored.  The 
hard,  chalklike  character  of  the  crystal  enables  their  formulation  with  a  bonding  agent 
which  permits  compaction  into  uniformly  sized  pellets  or  granules  having  good  rigidity 
and  pressure  drop  characteristics.  The  inertness  of  the  material  minimizes  hazards 
from  "dusting"  or  from  bed  destruction  through  contact  with  HzO. 

Desorption  of  C02  from  molecular  sieves  can  be  accomplished  by  several  means, 
including  thermal,  evacuation,  displacement  by  another  absorbate,  purging,  or  a 
combination  of  these  methods.  The  only  method  applicable  for  nuclear  submarine 
service  would  be  the  combination  of  heating  following  by  evacuation.  The  main  diffi¬ 
culty  with  this  method  is  applying  heat  to  the  sieve.  The  method  usually  used  is  to 
place  resistance  heaters  in  or  around  the  bed.  With  this  type  of  heating,  the  thermal 
distances  must  be  kept  very  short  due  to  the  poor  thermal  conductivity  of  the  sieve. 

Short  thermal  distances  indicate  large  surface  areas  of  heaters,  which,  in  turn,  indi¬ 
cate  bulkier  beds,  poor  gas  flows,  and  increased  pressure  drops.  Also,  for  increased 
rate  of  heat  transfer,  the  thermal  gradient  should  be  as  large  as  possible,  but  hot 
spot 8  must  be  avoided  because  the  molecular  sieve  is  only  thermally  stable  to  about 
538t  (8). 

A  more  efficient  and  rapid  method  of  raising  the  temperature  of  a  sieve  bed  would 
be  to  pass  a  hot  gas  through  the  bed.  In  a  submarine  system,  the  most  practicable  gas 
for  this  purpose  would  be  C02 .  A  system  using  this  principle  has  been  proposed  by 
Musick  and  Smith  (1).  They  proposed  a  redundant  system,  each  unit  consisting  of  a 
water-absorbing  bed  containing  molecular  sieve  type  13X  (sodium  base  -  10A  pore  dia¬ 
meter)  in  series  with  a  C02  absorbing  bed  containing  molecular  sieve  type  SA  (calcium 
base  -  SA  pore  diameter).  During  the  regeneration  cycle,  the  SA  sieve  would  be  exposed 
to  C02  at  150° C  and  the  13X  sieve  to  the  process  air  at  300°  C.  They  further  anticipated 
that  the  sieves,  particularly  the  13X,  would  coabsorb  other  contaminants  known  to  be  in 
submarine  air.  These  contaminants  were  loosely  identified  as  organics,  and  prior  studies 
had  shown  that  characteristic  aliphatlcs  and  aromatics  were  readily  desorbed  from 
sieves  by  water  displacement  or  by  moderate  heat  in  a  moist  air  stream.  Since  the  time 
of  that  report,  however,  a  variety  of  halogenated  hydrocarbons  were  finding  widespread 
use  as  solvents  and  refrigerants  in  submarine  systems.  These  materials  are  moderately 
inert  and  innocuous  enough  in  themselves,  but  their  decomposition  products  are  reactive 
and  corrosive.  Cannon  (10)  has  reported  incipient  decomposition  of  fluorinated  methane 
on  molecular  sieves  at  25° C,  accompanied  by  evidence  of  reduced  absorption  capacity. 

For  this  reason  it  became  of  interest  to  determine  the  stability  of  the  candidate  sieves  in 
these  potentially  hostile  environments. 
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Dlchlorodifluoromethane  [R12],  a  common  refrigerant  of  rather  high  thermal  sta¬ 
bility  (11),  was  chosen  as  the  test  contaminant  gas.  Sieves  of  the  5A  and  10A  type  were 
obtained  from  each  of  two  commercial  sources,  and  both  types  were  subjected  to  all  of 
the  environments,  although  the  proposed  system  would  not  require  such  exposures.  The 
stability  criterion  used  in  all  tests  was  the  C02  or  H4O  capacity  of  a  given  sieve  before 
and  after  thermal  cycling  in  a  given  environment.  (It  must  be  emphasized  here  that  a 
change  in  the  capacity  of  a  given  sample  is  the  only  effect  being  studied  and  that  no  inter¬ 
comparison  between  samples  as  to  absolute  capacity  is  warranted  or  relevant. )  The 
purpose  of  the  study  was  strictly  one  of  relative  resistance  to  chemical  degradation. 


GENERAL  EXPERIMENTAL  BACKGROUND 

The  effect  of  repetitive  thermal  cycles  in  C03  and  C02-H20  environments  was  studied 
to  establish  baseline  capacities  and  to  insure  that  any  structural  damage  noted  was  the 
result  of  an  R12  reaction  alone. 

All  capacity  data  were  obtained  using  a  Mettler  thermoanalyzer  operated  in  the  ther¬ 
mal  gravimetric  analysis  (TGA)  mode.  In  this  configuration,  the  instrument  detects  and 
records  changes  in  the  mass  of  a  substance  being  subjected  to  controlled  thermal  and/or 
chemical  environments. 

In  the  case  of  the  C02  and  C02-H20  studies,  the  entire  experiment  was  performed  in 
this  instrument.  Because  of  the  corrosive  nature  of  the  breakdown  products  from  R12, 
the  sieve  exposures  in  those  runs  were  made  externally,  with  original  and  final  capacity 
values  being  obtained  on  representative  sample  fractions  in  the  thermoanalyzer. 


C02  AND  C02-H20  COMPATIBILITY 

The  typical  procedures  for  each  of  the  four  samples  was  to  place  a  tared  sample  on 
the  sample-holder  in  the  thermobalance  and  obtain  equilibrium  baseline  weights  in  air 
and  in  dry  COj  at  both  25° C  and  500° C.  The  weight  difference  at  equilibrium  between  air 
and  C02  at  each  of  the  temperatures  represented  the  baseline  C02  capacity  for  that  sieve. 
Thermal  cycling  between  25°  and  500°  C  was  then  initiated  in  both  dry  and  wet  C02  atmos¬ 
pheres.  Periodically,  the  baseline  C02  absorption  capacity  was  redetermined. 

The  composite  results  of  these  runs  are  shown  in  Table  1.  The  relatively  minor 
variations  in  capacity  shown  are  within  the  errors  Inherent  to  the  measurements.  The 
error  sources,  some  of  which  tend  to  cancel,  Include  variations  in  atmospheric  pressure 
over  the  several  days  involved  in  a  given  run,  variations  in  the  sample  buoyancy  with 
differing  gas  densities  in  the  balance,  and  lack  of  exact  control  of  the  C02  partial  pressure 
in  the  reference  gas  used  for  capacity  checks.  With  these  factors  in  mind,  it  can  be 
reasonably  assumed  that  this  study  has  revealed  no  deterioration  of  these  molecular 
sieves  as  a  result  of  exposure  to  either  wet  or  dry  C02  at  temperatures  up  to  500°  C. 


DICHLORODIFLUOROMETHANE  [R12J  COMPATIBILITY 

The  compatibility  of  R12  with  both  sieve  types  was  tested  in  three  different  modes 
relating  to  environments  a  sieve  might  be  exposed  to  in  an  operating  system.  Two  modes 
compared  the  relative  C02  absorption  capacity  of  both  the  5A  and  1QA  sieves  before  and 
after  exposure  to  a  hot,  dry  R12-air  mixture  and  before  and  after  exposure  to  a  hot,  dry 
R12-C02  mixture.  The  third  mode  compared  the  relative  capacity  for  H20  absorption 
before  and  after  exposure  to  a  hot,  moist  R12-alr  mixture.  The  first  test  simulated  the 
environment  if  sieves  containing  R12  were  heated  in  the  presence  of  air,  the  second,  the 
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Table  1 

Thermal  Effect  of  CO2  and  CO2-H2O  Environments  on  CO2  Capacity 


Manufacturer  X 

Manufacturer  Y 

Exposure  Sequence 

5A  Sieve 

10A  Sieve 

5A  Sieve 

10A  Sieve 

Wt* 

Change 

<%) 

Cycles 

Wt* 

Change 

(%) 

Cycles 

Wt* 

Change 

(%> 

Cycles 

Wt* 

Change 

(%) 

Cycles 

Start 

15.2 

1 

15.8 

1 

12.8 

1 

18.4 

1 

Dry  C02,  25°C-500°C 

15.2 

5 

15.8 

6 

12.8 

2 

18.8 

9 

H2O-CO2,  25°C-500°C 

— 

7 

— 

7 

— 

5 

— 

18 

Dry  C02,  25°C-500°C 

15.0 

2 

16.7 

4 

12.3 

10 

18.1 

2 

H2O-CO2,  25°C-500°C 

— - 

— 

— 

— 

— 

2 

— 

2 

Dry  CO2,  25°C-500°C 

— 

— 

— 

12.7 

19 

18.1 

8 

’Relative  CO2  capacity. 


effect  if  the  heat  exchanger  gas  (COi)  was  to  become  contaminated  with  R12,  and  the 
third,  the  effect  of  R12  In  the  presence  of  moisture  and  air  on  the  capacity  of  the  H2O 
absorption  bed.  The  rating  criterion  in  the  latter  test  was  the  relative  capacity  for  H20 
absorption  before  and  after  exposure  to  the  R12-contalning  gas  stream.  Only  one  sample 
of  each  type  of  sieve  was  used  for  these  tests. 

In  these  R12  compatibility  tests,  the  sieves  were  exposed  to  concentrations  of  R12 
several  times  greater  than  would  normally  be  encountered  in  order  to  accelerate  the 
tests.  Damage  to  the  sieve  was  assessed  by  comparing  before-and-after  C02  capacity 
values  obtained  in  the  thermobalance. 

A  block  diagram  representing  the  nominal  system  used  for  both  the  R12-air  and  the 
RI2-CO2  tests  is  shown  in  Fig.  1.  The  actual  apparatus  and  heat  source  differed  for 
reasons  beyond  our  control.  A  modular  test  setup,  used  for  catalyst  stability  studies, 
which  included  a  preheater,  reaction  tube,  sampling  ports,  and  gas  analysis  equipment, 
was  available  and  all  runs  were  to  have  been  made  in  this  apparatus.  However,  follow¬ 
ing  completion  of  the  5A-R12-air  runs,  a  priority  project  claimed  the  services  of  the 


Fig.  1  -  Flow  diagram  for  C02-R12  and  R12-air  exposures 


*s*  • 
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apparatus,  and  the  remaining  tests  were  performed  in  an  apparatus  containing  similar 
components,  but  without  the  sampling  and  analysis  equipment. 


R12-Alr  Runs 

The  original  intention  was  to  study  the  decomposition  rate  of  R12  over  5A  to  1QA 
sieves  and  to  concurrently  determine  the  effect  on  the  exposed  sieve.  Because  of  the 
lack  of  analytical  equipment  following  the  5A  test,  the  10A  sieve  was  studied  only  under 
the  maximum  thermal  regime  recommended  in  the  proposed  absorber  system  (1). 

The  5A  runs  were  made  using  a  dry  air  stream  containing  5000-ppm  R12  flowing 
through  a  7/16-in.  -by-7-in.  reaction  tube  at  a  space  velocity  of  700  hr-1.  The  input  and 
output  gas  was  monitored  for  R12  using  a  Beckman  Infrared  (ir)  analyzer.  Periodic 
analyses  for  acid  decomposition  products  in  the  effluent  were  also  made  using  the  NRL 
strong-acid  detection  technique  (12).  As  the  temperature  was  increased,  R12  decom¬ 
position  was  first  noted  at  225°  C  (R12  concentration  in  the  effluent  decreased).  Acid  gas 
decomposition  products  were  also  detected  in  the  effluent.  The  decomposition  rate  in¬ 
creased  rapidly  with  further  increases  in  the  temperature  until  essentially  no  undecom¬ 
posed  R12  was  present  at  315° C.  After  holding  at  this  temperature  for  12  hours,  R12 
again  appeared  in  the  effluent,  the  concentration  rising,  even  when  the  temperature  was 
raised  to  as  high  as  425° C,  until  all  of  the  input  R12  was  passing  through  the  bed  un¬ 
changed.  A  plot  of  the  decomposition  rate  of  R12  versus  temperature  is  shown  in  Fig.  2. 

Upon  removal  of  this  test  sieve  from  the  reactor,  a  visual  examination  showed  no 
evidence  of  physical  damage,  but  the  thermobalance  revealed  that  the  material  had  lost 
all  capacity  for  C02  absorption,  the  sieve  structure  having  apparently  been  completely 
destroyed  by  the  R12  decomposition  products. 

The  10A-R12-air  run  was  made  in  a  3/8-in.  -by-3-in.  stainless-steel  tube  heated  to 
300°  C  for  12  hours  with  an  air  stream  containing  about  1%  R12  flowing  at  a  space  velocity 
of  700  hr-*.  Under  these  conditions,  this  sieve  lost  38%  of  its  COj  capacity,  indicating 
considerable  structural  damage. 


Fig.  2  -  R12  decomposition  rate  over  the 
5A  molecular  sieve 
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From  the  decomposition  rate  of  R12  over  the  5A  sieve  at  300°  C  shown  in  Fig.  2,  and 
assuming  that  the  rate  over  the  1QA  sieve  is  similar,  it  seems  certain  that  the  10A  sieve 
was  exposed  to  much  less  R12  decomposition  products  than  the  5A  sieve.  The  two  sieves 
would  probably  show  similar,  though  not  necessarily  equal,  stability  under  comparable 
conditions. 


R12-C02  Runs 


The  RI2-CO2  runs  were  made  in  the  same  apparatus  and  under  the  same  flow  condi¬ 
tions  as  the  10A-R12-air  runs  except  that  CO2  containing  about  1%  R12  was  the  test  gas, 
and  the  runs  were  made  for  extended  periods  of  time  at  progressively  higher  tempera¬ 
tures  until  significant  decomposition  was  indicated  by  the  capacity  checks  in  the  ther¬ 
mobalance.  The  results  for  the  temperatures  of  Interest  are  shown  in  Table  2.  The 
stabilities  are  in  good  general  agreement  with  those  for  the  air  runs,  indicating  that  the 
observed  effect  is  a  result  of  the  R12  products  alone  and  not  a  synergistic  or  dual  reac¬ 
tion  affected  by  air  or  CO2. 


Table  2 

Thermal  Effect  of  C02  and  1%  R12  Environment  on  C02  Capacity 


Type 

Sieve 

Temp,  of 

Bed  and  Gas  (°  C) 

Exposure 
Time  (hr) 

Decrease  in  Capacity 
for  Absorbing  C02  (%) 

10A 

150 

92 

13.1 

1QA 

250 

92 

53.0 

5A 

250 

92 

0.0 

5A 

300 

160 

100.0 

R12-Air-H2Q  Vapor  Runs 

A  block  diagram  of  the  experimental  setup  for  the  R12-alr-H20  vapor  runs  is  shown 
in  Fig.  3.  Air  containing  1 %  R12  and  saturated  with  HaO  vapor  at  25°  C  was  passed 
through  a  3/8-in.  I.  D.  Pyrex  tube  that  contained  sieve  separated  into  three  sections  by 
glass  wool  pads.  Each  section  contained  a  bead  of  sieve  treated  to  indicate  H2O  satura¬ 
tion.  The  gas  mix  was  passed  through  the  system  at  25°  C  until  the  downstream  beads 
indicated  moisture  breakthrough.  The  absorption  cycle  was  stopped  just  as  the  last  bead 
indicated  H,0  presence.  The  apparatus  was  then  placed  in  a  furnace  at  the  test  tempera¬ 
ture  (350°  C)  an'*  back-flushed  with  preheated  air.  This  treatment  simulated  the  cyclic 
conditions  in  a  H20  absorption  bed  wherein  it  was  anticipated  that  any  absorbed  R12 
would  be  desorbed  before  the  R12  decomposition  temperature  was  reached. 

Both  sieve  types,  after  20  cycles  from  25°  to  350°  C,  were  analyzed  for  H20  absorp¬ 
tion  capacity  in  the  thermobalance.  The  test  sieves  were  partitioned  into  five  fractions 
representing  longitudinal  sections  down  the  reactor  for  these  analyses.  The  results  are 
shown  in  Table  3,  along  with  the  relative  capacity  data  for  unexposed  sieves.  The  reason 
for  the  low  value  exhibited  by  section  5  of  the  10A  sieve  experiment  is  not  readily  ap¬ 
parent,  but  it  probably  Indicates  that  a  higher  concentration  of  R12  remained  at  this 
portion  of  the  bed  when  the  tube  was  placed  in  the  furnace. 
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AIR  EXHAUST 
PURGE  CYCLE 


TEST  GAS  EXHAUST 
ABSORPTION  CYCLE 


Fig.  3  -  Flow  diagram  for  Rl-2-air-Hp  vapor  exposures 


Table  3 

Thermal  Effect  of  R12  Environment  on  H20  Capacity 


Sample 

Fraction  Number 

Water  Capacity 
(%  of  dry  weight) 

10A  Sieve 

5A  Sieve 

1 

> 

17.7 

24.5 

2 

19.7 

22.5 

3 

18.4 

23.5 

4 

18.0 

23.5 

5 

14.9 

23.4 

Average  of  test  sieves 

17.7 

23.4 

Unexposed  sieve 

27.1 

25.5 

SUMMARY 

Table  4  summarizes  the  results  of  the  tests.  It  can  be  seen  that  both  sieve  types 
rre  quite  stable,  both  thermally  and  chemically,  in  C02  and  C02  -H  70  environments  to 
well  above  the  contemplated  regeneration  temperatures,  and  no  degradation  of  perform¬ 
ance  should  result  from  exposure  to  these  pure  gases.  On  the  other  hand,  the  presence 
of  halogenated  compounds  is  shown  to  be  deleterious  at  temperatures  which  coincide 
closely  with  those  required  for  H20  bed  regeneration.  The  sieve  of  choice  (5A)  for  C02 
absorption  should  be  stable  at  the  150°  C  required  for  C02  regeneration,  if  no  hot  spots 
are  encountered.  The  substitution  of  the  5A  sieve  for  the  10A  sieve  in  the  H20  bed  would 
help,  but  not  eliminate,  the  potential  hazard. 

The  experiments  indicated  that  acid  decomposition  products,  other  than  the  pure 
halocarbon,  were  the  reactive  species,  but  it  was  also  shown  that  molecular  sieves 
catalyze  or,  at  least,  promote  decomposition  of  these  compounds  at  temperatures  below 
those  at  which  they  are  normally  stable. 

The  presence  of  potentially  reactive  compounds  as  impurities  in  the  purge  gases  or 
as  retained  abeorbates  on  molecular  sieves  could  cause  a  serious  cumulative  loss  in  op¬ 
erating  efficiency  as  a  result  of  reactive  decomposition  with  accompanying  sieve  struc¬ 
ture  destruction  at  the  temperature  required  for  a  regenerative  system. 


NRL  REPORT  7201 


7 


Table  4 

Summary  of  Environmental  Test  Results 


Test  Environment 

Sieve 

Type 

Relative  Stability  of  Sieve 

C02 

Multicyclic  exposure  between 

5A 

No  change  in  C02  capacity 

25°  and  500°  C 

10A 

No  change  in  C02  capacity 

co2  -h2o 

Multicyclic  exposure  between 

5A 

No  change  in  C02  capacity 

25°  and  500°  C 

10A 

No  change  in  C02  capacity 

R12-air 

12  hours  at  315°  C  -  3  hours  at 
up  to  425°  C  -  0.5%  R12 

5A 

100%  loss  of  C02  capacity 

12  hours  at  300°  C  -  1%  R12 

10A 

38%  loss  of  C02  capacity 

R12-C02 

92  hours  at  250°  C  -  1%  R12 

5A 

No  change  in  C02  capacity 

160  hours  at  300°  C  -  1%  R12 

5A 

100%  loss  of  C02  capacity 

92  hours  at  150°  C  -  1%  R12 

10A 

13%  loss  of  C02  capacity 

92  hours  at  250°  C  -  1%  R12 

10A 

53%  loss  of  C02  capacity 

R12-air-H20 

Multicyclic  saturation  with  H20 

5A 

8%  loss  in  H20  capacity 

and  R12  at  25°  C  -  regeneration 
at  350°  C  -  1%  R12 

10A 

35%  loss  in  H20  capacity 
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